The prevalence of both type 2 diabetes and prediabetes increases with advancing age. The most important factors leading to hyperglycaemia are as follows: deficiency of insulin secretion developing with age, and growing insulin resistance caused by a change in body composition and sarcopaenia.
Introduction
Age is one of the most important risk factors in the development of prediabetes and type 2 diabetes [1] . A visible growth in of population of elderly people has been observed around the world for sedveral decades, and it is estimated that this trend will continue. According to GUS data from the year 2014, 15% of the population of Poland are older than 65 years; for comparison, in 1989 this age group accounted for only 10% of the population. During this period the number of people aged over 80 years living in Poland has doubled.
Pathophysiology
The process of aging of the human body leads to impairment of energy homeostasis and abnormalities in carbohydrate metabolism. The most important causes of hyperglycaemia are thought to be deficiency of insulin secretion developing with age and growing insulin resistance [2] . The Baltimore Longitudinal Study of Aging demonstrated that insulin secretion after glucose load decreases with age even after taking into account the influence of obesity and distribution of adipose tissue. Tests on the kinetics of insulin excretion in elderly people revealed that in comparison with younger
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Katarzyna Mordarska 1 , Małgorzata Godziejewska-Zawada people postprandial excretion of insulin is irregular and the amplitude of consecutive insulin pulses is lower [3] . Impairment of function of β cells and dysfunction of insulin secretion in people suffering from type 2 diabetes are even deeper, and they are connected with almost total loss of the first phase of insulin secretion. Moreover, the sensitivity of pancreatic β cells for incretins decreases in the elderly. The effectiveness of incretins is smaller and it results in lower postprandial insulin levels and weaker suppression of glucagon secretion [1] . The next important factor leading to increased glucose level in blood is insulin resistance, which grows with age [4] . Distribution of adipose tissue in the elderly is changing (increased amount of visceral adipose tissue), and the amount of fat tissue grows in contrast to muscle mass, which decreases with age. The result of the process of aging is dysregulation of the hypothalamic-pituitary-adrenal axis (HPA axis), which leads to a relative prevalence of cortisol. Cortisol, as a catabolic hormone, is responsible for proteolysis, and its higher level leads to reduced muscle mass. Additionally, cortisol leads to hepatic insulin resistance. With age, muscles lose strength and mass (this phenomenon is called sarcopaenia). Insulin-dependent glucose uptake by skeletal muscles is reduced due to suppression of insulin receptors and glucose transporter GLUT-4 [5] . It has been demonstrated that in the seventh decade of life the mass of muscle tissue is reduced by 30-40% in favour of adipose tissue. Reduced physical activity of elderly people escalates this process. Co-existing obesity, increased adrenergic tension connected with age, decline in kidney functioning, and use of potentially diabetogenic drugs (diuretics, beta-adrenolytics, corticosteroids, psychotropic drugs, amiodarone) are additional factors promoting impairment of glucose metabolism and diabetes in the elderly.
Research on longevity carried out on a group of healthy centenarians revealed that glucose tolerance and insulin sensitivity in the oldest age group are definitely better than in persons aged 60-84 years [7] . Insulin resistance increases with age, but only until the age of about 85-90 years. Afterwards a significant improvement in tissue response to insulin occurs, comparable with people aged [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] years. An epidemiological study demonstrated that the frequency of occurrence of diabetes in centenarians is almost 50% lower than in people aged 65-84 years [6] .
Prevention
Because the number of people with diabetes is still growing, preventative actions have been evaluated. In the Diabetes Prevention Program (DPP) it has been documented that interventions connected with changing life style (diet and physical activity) are most effective in the elderly with diabetes aged over 60 years. The risk of diabetes in the intervention group declined by 71% in comparison with the control group. Regular physical effort is beneficial to prevent sarcopaenia and obesity and improves insulin sensitivity. On the other hand, using metformin in elderly people did not prevented diabetes in comparison to younger people, in whom metformin decreased the risk of diabetes by 31% [8] .
Differences in the clinical picture of hyperglycaemia
Modified physical activity and concomitant diseases can change the clinical picture of diabetes. In some elderly people the course of disease is asymptomatic. Osmotic diuresis in seniors could produce symptoms like nocturia, urinary incontinence, and urinary system infections. Additionally, elderly people have an impaired thirst mechanism, which increases the risk of dehydration. Dehydration leads to tiredness and deficiency of cognitive functions. Diabetes causes a change in rheological properties of blood resulting in excessive blood clotting. It increases the risk of a stroke, acute coronary syndromes, or intermittent claudication and worsens normal functioning for elderly people. These medical conditions can also be the first symptom of diabetes that was not recognised earlier.
Hyperglycaemia changes the hydration of optical structures of the eye, resulting in refraction impairment and worsening visual acuity, which makes physical activity more difficult and increases the risk of falling. Additionally, recurring infections, more difficult wound healing, and dementia, which are taken for granted in an elderly organism, could hide the course of diabetes [9] .
Prognosis
The prognosis for seniors with diabetes is worse than for their peers without diabetes, and on average they live a few years less [10] . In the group of people with diabetes, patients aged over 75 years have the greatest risk of developing chronic complications, both microand macroangiopathic. These persons are more prone to myocardial infarction and developing end-stage renal disease, and are hospitalised twice as often due to hypo glycaemia [11] . The time of diagnosis of diabetes has some influence -the prognosis is better for patients who had diabetes diagnosed in old age. These people usually have a lower percentage of glycated haemoglobin and they require treatment with insulin less often in comparison with seniors suffering from long-term diabetes, who have the greatest risk of complications.
Diagnosis
According to the recommendations of Polish Diabetes Association for 2016, the criteria of recognising diabetes in elderly people remain the same as for younger age groups. It is generally known that postprandial hyperglycaemia starts to dominate with age, sometimes with correct fasting glucose level [12] . That is why the elderly with many risk factors for diabetes should not only control fasting glycaemia but also perform oral glucose tolerance test (OGTT with 75 g of glucose), which gives a chance to detect the disease early. Alternatively, it is possible to evaluate the glycated haemoglobin level. Although incorrect results in Poland are not enough to recognise diabetes (HbA 1 > 6.5% according to ADA is enough to detect diabetes), it might be a recommendation to perform OGTT.
Treatment
The key rule of dealing with very heterogeneous group of elderly patients is an individual approach to therapy considering numerous factors. The most important ones are: life expectancy, engagement of the patient in the treatment process, the ability to do injections and perform blood glucose self-control, as well as occurrence of frailty and other co-existing diseases. Seniors with diabetes develop Alzheimer's disease [13] and depression [14] more often than persons without diabetes. The most important goal for the elderly is to improve or at least maintain their current quality of life. The treatment goal is to maintain as good glucose levels as possible without hypoglycaemia -sometimes it means higher glucose levels than in young age. The risk of hypoglycaemia increases with age and is greatest with insulin treatment; it is also relatively high with sulphonylureas. Each occurrence of hypoglycaemia increases the risk of death due to cardiological conditions and can cause worsening of cognitive functions or escalate dementia. Clinical manifestation of hypoglycaemia in elderly patients may occur with lower levels of glycaemia in comparison with younger persons [15] . Probably due to atypical symptoms, patients are often unaware of hypoglycaemia. Warning signals caused by stimulation of the adrenergic system, like sweating, tremor, or hunger may not occur at all. Additionally, counter-regulatory response of glucagon secretion is often limited and insufficient in senior patients. According to ACCORD research, intensive treatment of diabetes increases the risk of death in patients with a high cardiovascular risk. That is why in elderly patients with cardiovascular complications, more liberal goals of blood glucose levels have been established with target glycated haemoglobin A 1c ≤ 8% [16] .
Due to eating habits maintained for many years, dietary change is not very effective and should be recommended only in a range that is acceptable. An additional problem of elderly people is undernutrition, which according to PolSenior research is a common phenomenon in Poland, most visible in the eldest age group over 85 years old. Caloric deficiency leads to compensatory catabolism both in adipose and muscle tissues. It has been demonstrated that undernutrition and sarcopaenia correlate with death risk [17] . Decreased appetite, skipping meals, and caloric deficiency can make diabetes therapy, particularly insulin therapy, very difficult.
Physical effort, as recommended for seniors, must be adapted to individual abilities and physical fitness. It should be characterised by a gentle start and gentle finish, without flexing exercises.
Pharmacotherapy of diabetes in advanced age does not differ basically from pharmacotherapy for younger people with diabetes. During treatment, it is necessary to consider a higher number of side effects of medications and drug interactions due to polypragmasia. As far as possible, treatment should be simple -it is best to start with monotherapy and slowly increase medication doses.
Metformin
Metformin is still a first-choice drug, also for elderly people. Its safety in the treatment of seniors has been confirmed in several studies. Its advantages are: efficiency in decreasing HbA1c level, beneficial effect on body mass and lipid profile, and the fact that metformin is a medication which improves the prognosis [18] .
Nevertheless, this drug has its limitations when used with seniors. It is not recommended for persons who suffer from renal insufficiency (GFR < 30 ml/min/1.73 m 2 ), cardiac insufficiency (NYHA class III and IV), and chronic respiratory failure. Metformin should be also stopped in hypoxia (e.g. cardiac infarction, stroke, severe infection, dehydration). Therapy should start with small doses, e.g. 500 mg once a day, which are consecutively increased every 7-14 days until the final dose is obtained, to avoid side effects causing problems with the digestive system. The maximum dose in elderly should be 2000 mg or less, depending on renal insufficiency.
Sulphonylureas
Sulphonylureas are another group of medicaments often used in diabetes treatment, also with seniors. These drugs are effective in decreasing glycaemia, are characterised by relatively good tolerance and are often attached to metformin or used in monotherapy if there is a contraindication to use biguanide. A serious side effect of sulfonylureas is a risk of hypoglycaemia, which is 2-3 times higher in comparison to other orally administered drugs. The risk of hypoglycaemia increases in cases of renal or hepatic insufficiency as well as with simultaneous use of drugs that increase the effect of sulfonylureas, such as: salicylates, acenocumarol, or fibrates. Gliclazide is safer than glimepiride [19] and the European Union Geriatric Medicine Society recommends the use of gliclazide with the elderly with diabetes and risk of hypoglycaemia. Contrary to glimepiride, gliclazide is metabolised to inactive metabolites, which leads to a lower risk of hypoglycaemia in case of worsening kidney function.
Gliptins
Gliptins -dipeptidyl peptidase-4 inhibitors (iDPP-4) -are a new group of medications successfully used in elderly people. DPP-4 inhibitors raise endogenous incretin levels (mainly glucagon-like peptide-1 -GLP-1), which increases insulin secretion and inhibits glucagon release. These drugs have a safe profile, and good efficiency and tolerance. It is suspected that they can have a protective effect on beta cells in the pancreas, which may delay the necessity of using insulin therapy. Another advantage of some drugs from this group is the possibility to use them in patients with renal insufficiency. These medications are not refundable in Poland, which limits their use on a large scale.
Glucagon-like peptide-1 analogues
Glucagon-like peptide-1 (GLP-1) analogues are another group of drugs whose market is systematically developing. These medications are effective in decreasing glycaemia, at the same time lowering the risk of hypo-glycaemia. Another advantage is their beneficial effect on the cardiovascular system (LEADER study with liraglutide). Nevertheless, the influence of these drugs on reducing body mass -which is a desirable effect in most patients with type 2 diabetes -in elderly people may increase sarcopaenia and risk of falling as well as undernutrition. Another drawback is the means of administration of this drug, as subcutaneous injections. The last problem is similar to the case of gliptins -lack of refund and high price.
Thiazolidinediones
The only drug from this group available in Poland is pioglitazone. Due to its effect on PPAR-gamma receptors, this drug influences transcription of numerous genes, leading to improvement of peripheral tissue sensitivity for insulin, mainly adipose tissue. It also has a beneficial effect on lipid profile. Unfortunately, this drug has a lot of limitations, particularly for the elderly. It causes fluid retention (it is contraindicated in the case of cardiac insufficiency), it can intensify and generate diabetic macular oedema, which is a severe ophthalmological complication that may lead to blindness, it decreases bone mineral density, and increases the risk of fractures. Thus, it is not the best therapeutic option for seniors.
Flozins
Flozins -inhibitors of type 2 renal sodium-glucose co-transporter (iSGLT -2) -are the newest group of antidiabetic medications. Flozins inhibit re-uptake of glucose in renal proximal tubule, resulting in an increase in glucose excretion in urine. It leads to decreased glucose level in the blood and loss of calories. This therapy relates to low risk of hypoglycaemia, which is an important advantage. Moreover, the EMPA-REG study, which evaluates cardiovascular safety of empagliflozin, has demonstrated that this therapy is not only safe but also improves the prognosis and reduces the risk of cardiac death. Unfortunately, a slightly higher number of strokes during therapy has been observed. This should be checked in further observations. Additionally, treatment-induced glucosuria increases the risk of genitourinary system infections. It may be a problem for seniors, with whom the risk of infections is higher anyway. Urinary incontinence, worse hygiene due to disability, and diabetes itself could lead to bacterial and candida infections. Nevertheless, these medications may be a good therapeutic option for elderly people. This year we are expecting publication of the results of research on canagliflozin (CANVAS), and in 2019 on dapagliflozin (DECLARE) and ertugliflozin (VERTIS), which may consolidate the position of this group of drugs on the market of anti-diabetic medications.
Insulin
Insulin is still a necessity in the case of some elderly people when orally administered drugs have to be discontinued due to lack of efficacy or contraindications (e.g. because of renal insufficiency). According to PTD recommendations for 2016, insulin therapy should be introduced without delay if there are indications for it. The safety of this therapy largely depends on the possibility to co-operate with the patient. Diabetologists should evaluate a patient's cognitive functions as well as care and attention of the family. If possible, it is worth starting the treatment from preparations of the lowest risk of hypoglycaemia, which means from basal insulin (NPH or long-lasting analogue). Some elderly patients may need only short-acting insulin before meals. In the case of problems with appetite, rapid acting analogues may be given after a meal, after evaluating the amount of consumed food. Some people who lead a very regular life and whose demand for insulin is relatively low can be treated with insulin mixtures administered twice a day. For many people with type 2 diabetes this therapy is friendlier than four injections a day and easier for carers. In the case of insulin therapy for seniors, there are no uniform rules; the most important rule is taking an individual approach to the patient, considering their eating habits, mental skills, and physical fitness, as well as social conditions and the possibility of getting help from the family and friends.
Hypoglycaemia in elderly patients
Among adults of all ages, elderly people have the highest risk of hypoglycaemia as a complication of diabetes treatment [20] . Loss of body mass connected with age and frailty syndrome can result in a relevant decrease in the demand for anti-diabetic medications, both orally administered and insulin. Similarly, kidney function decreasing with age may cause the situation when the doses of drugs stimulating insulin secretion or insulin doses, which so far have been correctly controlling the course of the disease, become too high [21] . Then a significant change of treatment may be necessary. According to the recommendations of the European Union Geriatric Medicine Society, in the case of patients older than 60 years, and definitely older than 70 years, the treatment should be changed to gliclazide if the patient takes glimepiride. For patients who take insulin, doses should be gradually adjusted to prevent hypoglycaemia. For example, despite previous long-term treatment with four doses of insulin, frailty may cause a necessity to significantly reduce or even resign from the basal dose, leaving only pre-meal doses of insulin. A risk factor of severe hypoglycaemia is also recent hospital discharge [22] . Large doses of insulin or anti-diabetic drugs administered in hospital are not needed when glucotoxicity disappears. That is why each patient leaving hospital should be informed about the fact that demand for medications may be lower, and they should have the possibility to see a doctor in case of problems with decreasing doses of drugs and insulin. These problems show that a necessary factor in proper diabetes therapy, also in advanced age, is systematic blood glucose self-monitoring. A similar problem with drugs doses may arise with treatment of hypertension. Losing weight connected with frailty syndrome may significantly decrease demand for antihypertensive drugs and increase the risk of orthostatic hypotension and falling.
Geriatric conditions connected with diabetes

Dementia and Alzheimer's disease
The Luchsinger study found a connection between diabetes and increased risk of dementia and Alzheimer's disease [23] . An impact of insulin resistance and hyperglycaemia on the development of dementia, both vascular and Alzheimer's type, has been described. Insulin may have some regulatory effect on tau protein and β-amyloid metabolism -important factors in pathogenesis of Alzheimer's disease. Hyperinsulinism may intensify inflammation and increase the Aβ 42 level in the brain, which can lead to an increased risk of Alzheimer's disease. On the other hand, recurring episodes of hypoglycaemia, which are a consequence of diabetes treatment, deteriorate cognitive functions and are connected with faster development of dementia [24] .
Frailty syndrome
Frailty syndrome in geriatrics means that an organism lacks the ability to maintain the homeostasis and react to stress properly. It leads to loss of body mass, sarcopaenia, undernutrition, tiredness, lack of physical activity, and as a consequence to increased risk of falling, developing disability, dependence on other people, hospitalisation, and death.
It has been demonstrated that increase of glycated haemoglobin HbA 1c is connected with a risk of occurrence of frailty syndrome [25] . Coexistence of both conditions leads to more frequent occurrences of diabetic complications (chronic and acute), loss of independence, and worse prognosis. Diabetes is a disease that accelerates aging processes and leads to discrepancy between "biological age" and chronological age, which is why frailty syndrome occurs in patients suffering from diabetes on average a few years earlier than in seniors without diabetes [26] . It should be taken into account particularly in the context of proposed treatment and evaluating the risk of complications. Treatment of diabetes in patients suffering from frailty syndrome must be flexible and should consider the fact that with development of weakness and loss of body mass, demand for medicaments or insulin may noticeably decrease or become unnecessary.
Conclusions
Old age is connected with numerous health problems. To evaluate a patient with diabetes it is necessary to take into account not only their chronological age, but also their biological age, physical fitness, intellectual capacity, occurrence of other chronic diseases, as well as the patient's motivation and support from family and friends. The basis of treating an elderly person is trying to improve or at least maintain their current quality of life. Symptoms of hyperglycaemia should be reduced gradually avoiding hypoglycaemia at the same time. If life expectancy is at least 10 years, the target value of glycated haemoglobin HbA 1c ≤ 7% is the same as in younger age groups. In the case of patients with long-term diabetes complications, a more liberal approach and target value HbA 1c ≤ 8% are recommended.
Seniors suffering from diabetes are more prone to develop chronic micro-and macrovascular complications as well as hypoglycaemia and frailty syndrome. When planning diagnosis and treatment in the elderly, not only satisfactory glycaemic control must be taken into consideration, but also an overall evaluation of the patient's state.
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